Objective: Little is known about the relationships among pain, function, psychological variables like perceived helplessness and emotional health, and patient satisfaction in people with revision knee replacement surgery. We hypothesized that pain and function would have a direct association with satisfaction as well as an indirect association through patient perceptions of helplessness and emotional health. Results: Participants were on average 69 years old and 54% were women. Participants were satisfied with the results of the surgery (mean±sd=70.42±31.46). Less pain and functional disability were associated with increased patient satisfaction and, the effect of pain or function was also mediated through helplessness whereby more pain and disability were associated with perceptions of helplessness and helplessness was associated with lower satisfaction. MCS did not mediate the relationship of pain and function with satisfaction.
Introduction
Patient-reported outcomes are well accepted as measures of benefit and it has been argued that the ultimate goal of orthopaedic surgery is patient satisfaction [1] [2] [3] [4] [5] . Clinicians, clinical programs, administrators, and policy makers use satisfaction as a measure of success of treatment and care, and to make decisions about care delivery and reimbursement 6, 7 . The
Ministry of Health and Long-term Care in Ontario, Canada is implementing a health-based funding model where reimbursement will be linked to quality indicators. Additionally, while not yet implemented, funders such as the National Health System in the United Kingdom have indicated their intention to link reimbursement to patient outcomes 8 .
While there has been significant focus on primary hip and knee replacement outcomes in the literaure, our understanding of the outcomes of revision total knee replacement (TKR) is more limited, particularly in understanding factors that are associated with outcome. This is concerning for a number of reasons: data indicate that while 80-90% of people with primary knee replacement are satisfied with the results of surgery, fewer people with revision TKR are satisfied (69% to 88%), despite similar improvements in pain and function; increasing volumes of primary joint replacements are being performed in the developed world; and, there is limited longevity of primary joint replacement with ultimate need for revision surgery 1, 3, 4, 9-13 . In 2007, 550,161 TKRs were performed in the United States (US) representing 100% increase over 1997 14 . In 2008-2009, 47,429 knee replacements were performed across Canada (excluding Quebec), representing a 139% 10-year increase in TKR 15 . Approximately 6.2% of all knee replacements were revisions in 2009/10 in Canada 16 . Given this increase in primary TKR, the number of revision total knee replacements are expected to rise. This increased volume as well as the increased technical demand and longer operating time for revision surgery will impact the 6 resources of the health system 17 . Consequently, it is critical that we understand patient outcome after revision TKR.
Pre-operative pain and function, obesity and the number of comorbidities, are reported predictors of pain and function outcomes following revision TKR [18] [19] [20] [21] 25 . Having positive expectations of a good outcome as well as decreased pain and improved function have been shown to be the most consistently related to satisfaction 1, 2 . There is also evidence that feelings of helplessness affect pain and function. Helplessness refers to a belief that nothing can be done to resolve a problem, characterized by emotional, motivational, and cognitive deficits 26 . It is a belief that one's outcomes are independent of one's actions 27 . In a study looking at brain imaging of patients with osteoarthritis (OA), helplessness was found to play an important role in the perception of pain. A painful stimuli elicited considerable cognitive and emotional activity in the brain compared to control subjects 28 . Additionally, the literature shows that helplessness impacts pain in people with arthritis and greater helplessness predicted lower WOMAC change scores at one year after primary joint replacement surgery 29-32 . 7 Given this literature and that people experienced failure of their primary joint replacement, we were interested in evaluating if psychological variables like perceived helplessness and emotional health would explain the relationships between pain or function and satisfaction in people with revision TKR. We hypothesized that the relationship of pain and function with satisfaction occurred through a mediated model whereby pain and function affect helplessness and emotional health, which in turn affect satisfaction (Figure 1 
Data Collection
All data were collected via questionnaire.
Outcome
Satisfaction at two years following surgery: Patients reported their satisfaction using a reliable and valid four-item scale that evaluates patient satisfaction with relief of pain, improvement in activities of daily living, improvement in recreational activities, and overall satisfaction following joint replacement. Each item has a four-point response ranging from very satisfied to very dissatisfied. The scores were summed and converted to a scale ranging from 0-100 with higher scores representing greater satisfaction 34 . 
Independent variables

Covariates
In addition to completing demographic information (age, sex, marital status, and education), participants rated the expected benefit of their knee replacement surgery prior to surgery. The responses ranged from 1=not at all beneficial to 5=extremely beneficial. Due to the low frequency for some response options, expectation of benefit from surgery was dichotomized as extremely beneficial versus other.
Statistical analysis
Descriptive statistics were calculated for all variables including means, standard deviations and proportions as appropriate to the data. Paired t-tests were used to evaluate change in each of WOMAC pain and function over time. The mediation effect of helplessness and emotional health at two years follow-up were tested separately for each of pain and function in relation to satisfaction using regression analysis and according to the steps outlined by Baron and Kenny 42 . In the first step, pain or function was entered into the regression equation as an independent variable and satisfaction as the dependent variable. In the second step pain or function was entered into the model with helplessness or emotional health as the dependent variable. In the final step, pain or function, helplessness or emotional health were entered into the regression as independent variables and satisfaction as the dependent variable. A mediation effect is demonstrated when the magnitude of the coefficients for pain or function decreases from step one to step three. The Sobel test was also performed to test whether the indirect effect of pain and function on satisfaction via the mediator, helplessness or emotional health, was significantly different from zero.
All the models controlled for age as a continuous variable, sex and pre-surgery expectation of benefit (grouped as extremely beneficial versus other), and the pain and function models also controlled for the baseline (pre-surgery) pain or function score respectively as prior research, mainly in primary TKR, has shown that these variables are associated with satisfaction 1, 5, 43, 44 .
Finally, as a sensitivity analysis, we evaluated whether pre-operative helplessness and emotional health mediated the relationship of pain and function with satisfaction at two years post-surgery. If no mediation effect was found using pre-operative AHS and MCS scores, 11 demonstration of mediation at two years would support potential modification of the pain, function and satisfaction relationship through an intervention that addressed these psychological factors (i.e., helplessness or emotional health would not be 'fixed' concepts but rather potentially modifiable).
Regression diagnostics including normality of residuals, Cook's D and variance inflation, were checked to ensure underlying model assumptions were met. Statistical significance was accepted at a p < 0.05 level. Data analyses were carried out using SAS version 9.2 software (SAS Institute Inc., Cary, NC, USA).
Sample size for this study was based on considering whether the available sample from the original study would allow sufficient power given the number of independent variables to be modeled such that we were not over-fitting the model. Given our final models included a maximum of 6 variables, 145 participants was sufficiently large 45, 46 .
Results
Of the 184 patients recruited to the cohort, 145 (79%) were included in the current study (four died, two withdrew, six were lost to follow-up and 27 had insufficient data for analysis). No statistically significant differences or clinically meaningful differences were observed between analyzable (n=145) and non-analyzable (n=39) participants in the study with respect to age, sex, pre-surgery WOMAC pain and function, MCS, and AHS scores (data not shown). The participants (n=145) were on average 69 years old (range 32 to 89 years) at the time of surgery and 54% (n=78) were women. As anticipated, participants experienced significant pain and disability pre-operatively.
About 73% (n=106) used an ambulatory aid prior to surgery and 55% (n=80) expected their revision surgery to be extremely beneficial (Table 1) The mean (± sd) satisfaction score at two years post-surgery was 70.4±31.5 (minimum and maximum score: 16, 100; quartiles: 75%= 100; 50%=83.3; 25%=50). Table 3 shows the results of the three equations testing the mediation effect 42 of perceived helplessness. We found that perceived helplessness partially mediated the relationship between pain or function at two years and satisfaction. While those with less pain were more satisfied with their outcome, there was also an indirect relationship in that those with less pain also had less feelings of helplessness in managing their arthritis which led to improved satisfaction with outcome as hypothesized (Figure 1) . Similarly for function, those with better self-reported function were more satisfied but better function also was associated with less feelings of helplessness which in turn was associated with higher satisfaction. While the presurgery and post-surgery AHS were moderately correlated (Spearman's rho=0.41), sensitivity analyses demonstrated that the pre-surgery AHS did not mediate either the pain or function relationship with satisfaction (data not shown).
Emotional health as measured by the MCS did not mediate the effect of pain or function with satisfaction. As shown in Table 4 , regression of the MCS on satisfaction did not result in a decrease in the magnitude of the regression coefficient for either pain or function compared to pain/function alone regressed on satisfaction. Rather there was a significant direct effect of emotional health with satisfaction in that higher MCS scores were associated with satisfaction, although the additional explanatory value of adding the MCS to the model was only 2%.
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Discussion
This study contributes to the limited body of knowledge related to satisfaction with outcome of revision knee replacement surgery. It particularly highlights the relationship of psychological variables, perceived helplessness and emotional health, with pain and function and satisfaction. We found that although there was a direct relationship of pain and function at two years with satisfaction, there was also an indirect relationship through perceived helplessness in managing arthritis. While less pain was associated with higher satisfaction, less pain also resulted in less feelings of helplessness and hence, better satisfaction. Similarly, satisfaction was higher in those with higher function but, in part, this was because higher function was associated with less helplessness, and hence higher satisfaction. Given our findings that pre-operative AHS scores did not mediate the pain/function and satisfaction relationships but two year AHS scores were mediators, perceived arthritis helplessness does not seem to be fixed and may be a target for treatment in the context of people's recovery from revision TKR. Interdisciplinary management including interventions such as cognitive behavioral approaches in the context of surgical and arthritis self-management may reduce perceived helplessness and improve patient outcome following revision TKR 26, 47 . Helplessness as a modifiable factor is further supported by a study in which Zautra et al found that controlled release of oxycodone in patients with osteoarthritis with persistent moderate to severe pain not only lead to clinically significant reductions in pain but also less feelings of helplessness 48 .
Somewhat to our surprise, while emotional health, as measured by the MCS, did not mediate the relationship with pain or function with satisfaction, it also added minimal additional explanatory value in understanding satisfaction. These findings are in contrast to data from 14 primary TKR where Scott reported that emotional health as measured by the MCS was significantly associated with satisfaction such that those with better emotional health reported better satisfaction. We are not sure of the reason for this although we note that the post-surgery MCS scores were on average 54 points with a standard deviation of 9.7 which is slightly above the Canadian normative value for the MCS of 51.7 (sd= 9.1) 49 , indicating that few people had scores below the population mean. The pre-surgery scores were similar to the population mean Although not in people with revision TKR, still other studies in people with arthritis have
shown that psychological variables such as helplessness, depression and stress are important in understanding differences in how people respond to their disease and treatment 50 . In a study of knee OA patients, Creamer et al found pain severity, obesity and helplessness were the most important determinants of disability with 60% of the variance in the model accounted for by these variables 51 . A recent study found greater helplessness independently predicted less functional improvement one year following primary TKR 32 . In the current study, we found helplessness not only associated with but partially mediating the relationship between pain and function with satisfaction.
While it is difficult to place our findings related to satisfaction following revision TKR in the context of the literature as most of the work related to psychological factors and outcomes has been done in patients with osteoarthritis or primary hip or knee replacement, there are some informative data. We found the level of satisfaction experienced by the participants of this study 15 was similar to that of patients in other studies. Our mean (± SD) satisfaction score was 70.42 (± 31.5) which is comparable to the findings of Meek et al, in their study with patients who underwent revision TKR for infection (71.7 ± 33.1) 52 . Similarly, Greidanus et al. compared satisfaction outcomes of patients undergoing primary and revision TKA and reported a mean satisfaction score of 72.9 (±36.3) for revision TKA patients 13 . The mean (± SD) pre and postsurgery MCS score in the present study are 51.90 (± 11.5) and 54.63 (±9.7) respectively. The
Canadian normative value for the MCS is 51.7 (± 9.1), comparable to our sample, suggesting similar emotional health 49 . Similar scores were reported for primary knee replacement patients with severe knee osteoarthritis by Heck et al. The means were 52.5 (standard error= 0.7) and 54.4 (standard error=0.6) for pre and post-surgery respectively, and showed patients with lower MCS scores (i.e., poorer emotional health) were less likely to report improvements in physical function 53 .
While studies have looked at how pain and function are related to satisfaction or how psychological variables are related to pain and function 1, 2, 54 , this is the first study to our knowledge that has looked at the mechanism of how pain and function are related to satisfaction especially among patients having revision knee replacement patients. While the psychological variables such as helplessness have been linked to outcomes of joint replacement surgery, depression and poor mental health have been linked to dis-satisfaction 25, 32 . The literature shows a link between alleviation of pain and positive emotional health in people with arthritis [55] [56] [57] . The present study found higher MCS scores or better emotional health associated with greater satisfaction (although the explanatory value was limited in multi-variable modeling). The corollary to this finding can be found in the work by Gandhi et al. where they found poor mental 16 health predicted less satisfaction 58 . Further research is needed to generalize these and our findings.
A strength of our work is that our analyses adjusted for a number of covariates or potential confounders that have been shown to be related to satisfaction with outcome following joint replacement. Participants undergoing revision TKR in this study reported significant improvement in pain and physical function at two years post-surgery and the magnitude was similar to that typically reported in the literature. Additionally, the proportion who reported they were satisfied with their outcome was also within the range reported in the literature. The sample was recruited from multiple tertiary care institutions in Canada and given that revision knee replacement is usually performed in specialty centers, our sample likely represents the patients undergoing revision TKR for aseptic loosening in our country. However, a limitation of this study is that our sample did not include those who had revision knee replacement for infection or who had only polyethylene liner exchange. Hence, our results cannot be generalized to people having revision for these indications. Additionally, our sample was limited to those who had English competency such that they could consent and complete the questionnaires.
While we did not specifically collect data on race or ethnicity, we anticipate that this language requirement limits the generalizability of our results. Finally, we were able to capture descriptive data only for those who consented to participate such that we do not know if or how our sample differed from those who were eligible but declined to participate.
Conclusion
In summary, the majority of people undergoing revision knee replacement surgery were satisfied with the results of surgery. Patient satisfaction is not only important from a patient's or surgeon's perspective, it is also gaining importance from an economic perspective. The National Health Services (NHS) in the United Kingdom is linking reimbursement to patient satisfaction, indicating that up to ten percent of hospital income will be dependent on patient experience and satisfaction 7 . So, not only is it important to understand factors associated with patient satisfaction, it becomes imperative to comprehend the mechanisms involved. In conclusion, pain and function are associated with patient satisfaction after revision knee replacement surgery.
However, this study demonstrated that there is also an indirect relationship between pain and function and satisfaction, the mechanism of which is through perceived helplessness which may be modifiable through intervention. 
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